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MAC $\mathrm{R}\mathrm{B}$ $\mathrm{s}\mathrm{i}\mathrm{m}\mathrm{u}\mathrm{l}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}^{7}$ )
$(x, y)$
$\{(x, y_{J}.\approx)|0<x<L_{x}, 0<y<L_{y}, 0<z<L_{z}\}$ ( $z$ )
$T_{1}$ , $T_{2}$
$Td=\tau 1^{-}T_{\mathit{2}}$. (convection-free state)
$T_{s}=T_{1}-\tau_{d}\mathcal{Z}/L_{\approx}\text{ }$ $\mathrm{u}(u_{x}, u_{y}, u)\approx\text{ }$ $T_{\text{ }}$
$P$ $\mathrm{u}_{\text{ }}$ $\theta=T-\tau_{S}\text{ }$ $\delta P=P-P_{S}$
Boussinesq
$\frac{\partial \mathrm{u}}{\partial t}+\mathrm{u}\cdot\nabla \mathrm{u}=-\nabla\frac{\grave{\delta}P}{\rho}+\nu\nabla 2\alpha \mathrm{u}+pg\theta \mathrm{e}_{z}$ . (1)
$\frac{\partial\theta}{t}+\mathrm{u}\cdot\nabla\theta=\kappa\nabla 2\theta+\frac{T_{d}}{L_{\approx}}u_{\approx}$ . (2)
$\nabla \mathrm{u}=0$ . (3)
$P$ $\nu$
$f_{\vee}^{\wedge}$ $\alpha$
$g$ $\mathrm{e}_{i}=(0,0,1)$ &R $\approx$
$L_{z^{\text{ }}}$ $L_{z}^{2}/\kappa_{\text{ }}$ $\kappa\nu/g\alpha L_{\sim}^{3}$,
$\frac{\partial \mathrm{u}}{\partial t}+\mathrm{u}\cdot\nabla \mathrm{u}=-\nabla\frac{\delta P}{\rho}+P\prime r\nabla^{2}\mathrm{u}+Pr\theta \mathrm{e}_{z}$ . (4)
$\frac{\partial\theta}{\partial t}+\mathrm{u}\cdot\nabla\theta=\nabla^{\mathit{2}}\theta+(Ra)u\approx$ . (5)
$\nabla\cdot \mathrm{u}=0$ . (6)






$u_{x}=\partial_{x}u_{x}=u_{y}=u_{z}=\partial x\theta=0$ on $x\cdot=0,$ $\Gamma_{x}$ (7)
$u_{x}=u_{y}=\partial_{y}u_{y}=u_{z}=\partial_{y}\theta=0$ on $y=0,$ $\Gamma_{y}$ (8)
$u_{x}=u_{y}=u_{z}=\partial_{\approx z}u=\theta=0$ on $y=0,1$ (9)
$\mathrm{R}\mathrm{B}$ 4 $\Gamma_{x}$ , $\Gamma_{y},$ $Pr,$ $Ra$
(7) $\sim(9)$ (4) $\sim(6)$
MAC sirnulation
–




$\theta(I, J, K),$ $\delta_{P(K),u_{x}(}I,$$J,I \pm\frac{1}{2},$ $J,$ $K),$ $uy(I, j \pm.\frac{1}{2}, K)_{\backslash }\prime u$ $(I, J, K \pm\frac{1}{2})$
$h$ $\tau$ Euler
time step 2








Poisson ICCG( $\mathrm{I}\mathrm{n}\mathrm{c}\mathrm{o}\mathrm{m}\mathrm{p}\mathrm{l}\mathrm{e}\mathrm{t}\mathrm{e}$ Cholesky decomposition and
Conjugate Gradient) o 8)
Gollub&Benson $\mathrm{S}\mathrm{a}\mathrm{n}\mathrm{o}\ \mathrm{s}_{\mathrm{a}\mathrm{w}\mathrm{a}}\mathrm{d}\mathrm{a}^{1}0$)
$\Gamma_{x},$ $\Gamma_{y}$ , Prandtl $Pr$ simulation
2-





$\backslash \sim--\sim-\sim-\sim|\backslash ’-\iota--\backslash ----’\prime\prime-\backslash \sim--\sim\approx\vee-------\simeq^{-\prime}--\wedge-’/$
—-
1: $y=\Gamma_{y}/2$ $(x, z)$ (a)










$\Gamma_{x}=3.5,$ $\Gamma=2y\cdot \mathrm{o},$ $P.r=5.\mathrm{o}$ simmlation 2\sim 4
2, 3 1
(PSD) Ra=42000( $r\cdot=Rc\iota/(Ra)_{C}\infty=24.6$ , $(Ra)_{\mathrm{C}}\infty=1708$ )
mono-periodic $R_{\mathit{0},=}\mathrm{s}0000(r=29.3)$ 2
$p,$ $s$ biperiodic $Ra$ $Ra=63000(r=36.9)$
$s/p=3/7$ $p/7=s/3=f_{L}$
$Ra$ period-doubling bifurcations
3 PSD $Ra=6\mathrm{s}000(\cdot\Gamma=38.06)$ , $f_{L}/2,$ $f_{L}/4$
sirnulation
4 Takens
Poincare $T^{2}$ $(\mathrm{R}\mathrm{a}=60000)_{\text{ }}$ $(Ra=63\mathrm{o}\mathrm{o}0)_{\text{ }}$
$(Ra=65000)$ $\mathrm{G}\mathrm{B}$ $r=45.2$
$s/p=4/9$ $Ra$ PSD
Sano&Sawada(SS) $\Gamma_{x}=2.85\sim 3.7,$ $\Gamma=y1.5$ Prandtl
$Pr=6$ $\mathrm{R}\mathrm{B}$ $Ra$ biperiodic















6, 7 $\Gamma_{x}=3.25,$ $\Gamma_{y}=1.5,$ $Pr=5.5$ simulation
PSD Takens Poincare $\mathrm{S}\mathrm{S}$ $Pr=5.5$
2 8 $Ra=103500(r=60.6)$
$s/p\sim 1/15$ $Ra=104000(r=60.9)$ 6 PSD
7 Poincare
$\mathrm{S}\mathrm{S}$ $\mathit{8}/p\sim 1/10\sim 1/15$ {S&i $r=59$
MAC $\mathrm{R}\mathrm{B}$ simulation
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4: Takens-plot Poincare : $\Gamma_{x}=3.5,$ $\Gamma_{y}=$
2.0, $Pr=5.0$
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6: $P(f):\Gamma_{\iota}.=3.25,$ $\Gamma_{y}=1.5,$ $P^{r}r=5.5$ ;








$\mathrm{k}\backslash _{\sim R^{\dot{\backslash }^{i}}}\cdot$
$\mathrm{R}\mathrm{a}=104000$
$=:_{i-\cdot\backslash }..\cdot i...:.:\cdot$.$\cdot.::\tau.\cdot$. . $-.\vee.\cdot\backslash \cdot\overline{\iota}.\backslash ^{-}$. $j....$.. . ..
$.\cdot b.\cdot:_{\backslash }.\cdot:_{\prime},\cdot.\bullet..\cdot.\backslash$. $..\cdot.:..\cdot..’|.\cdot.:.$ : $|$.
,:. $\cdot$... . :...
$\mathrm{r}_{\mathrm{b}_{\backslash *,}}.\cdot..\backslash \cdot.\cdot..\cdot.\cdot..\cdot.\cdot..\cdot...\cdot..\cdot.-\prime_{\sim}\dot{r}:\backslash \sim--.\mathrm{t}$ . $\wedge\cdot$ .
7: Takens-plot Poincare : $\Gamma_{x}=3.25,$ $\Gamma_{y}=$
1.5, $Pr=5.5$
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